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ABSTRACT 

The conductivity of MgO and A1 0 is determined at 2 3  

It is found that at this temperature MgO has 1500-1700°C. 

almost entirely ion conductivity. Al 0 is a combined 

conductor with the electron conductivity comprising about 

2 3  

25%. 

A study of the conductivity of extremely fireproof oxide materials /42* 

is of great theoretical and practical value. It is well known that at 

ordinary room temperatures, oxides are good insulators (Ref. 1). However, 

many oxides become electric current conductors with a temperature increase. 

The conductivity of solid oxide materials at 1500-17OO0C is very important 

with respect to the extensive studies on the development of galvanic concen- 

tration cells, which are used to determine the activity of the main components 

~ of metallurgical melts (Ref. 2-4) .  Solid oxides are frequently used as solid 

electrolytes in these cells. 

* 
Note: Numbers in the margin indicate pagination in the original foreign 

text. 



It is  w e l l  known t h a t  a l l  mater ia l s  which can conduct an e l e c t r i c  

I curren t  can be condi t iona l ly  divided i n t o  t h r e e  groups: 

(1) Conductors with e l e c t r o n  conduct iv i ty  (of t h e  metallic o r  s e m i -  

I conductor type  n o r  p ) ;  

(2) 

(3) 

The r e l a t i o n s h i p  between t h e  e l ec t ron  and i o n  conductivity i n  combined 

conductors depends on the  temperature change and on t h e i r  chemical composi- 

t ion. 

Conductors wi th  ion  conductivity ( d i e l e c t r i c s )  ; 

Combined conductors - w i t h  e l e c t r o n  and i o n  conductivity.  

One important f e a t u r e  of d i e l e c t r i c s  and of semi-conductors i s  t h e  exis- 

t ence  of admixture (low-temperature) and n a t u r a l  (high-temperature) conductivity.  

The change from admixture conductivity t o  n a t u r a l  conductivity occurs between 

800-1200°C f o r  MgO and A1203 (Ref. 5, 6 ) .  
I 

q-hm -_ 4 --: c-- -s - A _ _  ~2 - - I. --.- 

I 
L1lS lvclJ u L A L Y  uL ~ L U U L I Z ~  ~ a v t j  hvest iga ted  t h e  conductivicy of solid oxides 

a t  h igh  temperatures by measuring the t r a n s p o r t  number i n  ion  conductors. 

study (Ref. 7) determined t h a t  t h e  conductivity of magnesium oxide monocrystals 

is  pure ly  i o n i c  i n  na tu re  a t  1100°C. 

The 

A t  1300°C t h e  p o r t i o n  of e l ec t ron  conduct iv i ty  i n  p e l l e t s  prepared from 

pure  magnesium oxide was 15-17% i n  a l l  (Ref. 8).  

In order  t o  c l a r i f y  t h e  conductivity of t h e  s o l i d  oxides MgO and A1203 a t  

h igh  temperatures,  w e  employed baked magnesium oxide and baked corundum, 

prepared by t h e  Pozol 'skiy Factory of Fireproof  Products. The oxides were 

employed as s o l i d  e l e c t r o l y t e s  i n  a galvanic  concent ra t ion  c e l l  (see t h e  

f i g u r e ) .  The c h a r a c t e r i s t i c s  of the oxides are presented  i n  the  t ab le .  

A cel l  of t he  following type was constructed: 
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1 - Metal to be studied; 2 - MgO or A1203; 
3 - Graphite; 4 - Cast iron; 5 - Tungsten; 
6 - Measurement device. 

Material 

Baked magnesium 
oxide 

~~~ 

Fe-0-C MgO or A1201 1 1  Fe-0-C saturated. 

Si02 A1203 Ti02 

0.72 - - 

OXIDE CHARACTERISTICS 

Chemical Composition, % 

Baked corundum 0.45 98.0 0.8 I l l  
I I I 

Apparent I Density 
(Volumetric 
Weight) 

0.18 98.42 0.42 3.25-3.30 I l l  
0.25 1 0.231 0.381 3.85 

I I I 

Apparent 
Porosity 

x 
~~~ 

0-1.0 

0-1.5 

The electromotive force (e. m. f) of this cell was determined by the /43 

equation of Nernst: 

RT a. 
E* = - ln-, 

nF a0 (C) 
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where: n - t h e  t r anspor t  number of the process determining t h e  p o t e n t i a l ;  

aB - oxygen a c t i v i t y  i n  t h e  m e l t  being s tud ied ,  which i s  determined 

by t h e  vacuum smelting da ta .  

ao(c) - oxygen a c t i v i t y  i n  t h e  comparison e l ec t rodes ,  determined from 

preliminary experiments; 

R - gas  constant ;  

F - Faraday number; 

T - absolu te  temperature. 

The experimental smelt ing w a s  performed i n  a r e s i s t a n c e  furnace with a 

g raph i t e  hea ter .  i n  a f i reproof  c ruc ib le .  

The oxygen a c t i v i t y  changed with respect  t o  the  smelting process i n  t h e  m e l t  

being s tudied .  

rhodium-platinum thermocouple. 

About 400 g pure i ron  w e r e  melted 

The m e t a l  temperature w a s  measured by a PR 30/6 p l a t i n i c  

Af te r  a constant  temperature was reached, a f i r ep roof  cover with cast i r o n  

poured i n t o  i t ,  which served as t h e  e l ec t rode  of comparison, w a s  introduced 
- measured 

i n t o  t h e  m e l t .  The emf produced i n  t h e  given concentrat ion c e l l  w a s /  when t h e  

tungsten b a r  w a s  pe r iod ica l ly  dipped i n t o  t h e  m e t a l .  

t h e  r e v e r s i b l e  operat ion of t h e  galvanic  c e l l ,  t h e  emf w a s  measured by a 

I n  order  t o  guarantee 

compensation method, employing a high-resis tance PPTV-1 potentiometer and a 

mi r ro r  galvanometer with a s e n s i t i v i t y  of one d i v i s i o n  p e r  lo-' a. 

a c t i v i t y  i n  thecomparison e l e c t r o d e ,  which had been e s t ab l i shed  previously 

(Ref. 3 ) ,  remained constant  a t  0.0004. 

The oxygen 

Equation (1) can be w r i t t e n  as follows: 
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. 

where n 

combined ( e l ec t ron  and ion) conductor; 

- t r a n s p o r t  number of t h e  process determining t h e  p o t e n t i a l  i n  a 
4, 

1 98T 

"0 
where Ucp= - 10-1 . 

(3) 

When MgO w a s  used as t h e  s o l i d  e l e c t r o l y t e ,  t h e  measurements w e r e  per- 

formed a t  1600°C (1870°K). Consequently, 

Based on t h e  r e s u l t s  f o r  15 measurements, t h e  magnitude of K i s  176; CP 

Thus, n = 2.07. 
4, 

It i s  w e l l  known t h a t  i f  t h e  s o l i d  e l e c t r o l y t e  has an ion  and e l ec t ron  

conduct iv i ty  of 

c i r c u i t  is  determined by t h e  equation of Wagner (Ref. 9): 

t h e  n o r  p type,  then t h e  emf i n  t h e  concent ra t ion  ga lvanic  

E*= r I t  -1.1 
- T \ .  -31. 

where Eo i s  t h e  measured emf; 

ET - t h e  emf ca l cu la t ed  thermodynamically; 

(5) 

n, - t h e  e l e c t r o n  t r anspor t  number (po r t ion  of e l e c t r o n  conduct iv i ty) .  

Consequently, w e  have 

According t o  our experimental da t a ,  f o r  MgO t h i s  r e l a t i o n s h i p  equals 

Consequently, n, = 0.03. 

Thus, t h e  p o r t i o n  of e l ec t ron  conductivity f o r  MgO i s  3% i n  a l l  a t  1600°C. 

Taking t h e  low accuracy of t hese  ca l cu la t ions  i n t o  account, w e  can assume t h a t  
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I 

MgO has almost e n t i r e l y  i o n  conductivity.  

I n  t h e  second series of experiments, w e  determined t h e  conduct iv i ty  of 

A1203  a t  1600 and 165OOC. 

way as f o r  MgO. 

A l l  of the computations w e r e  performed i n  t h e  same 

Based on t h e  r e s u l t s  of 30 measurements, t h e  Kcp f o r  A 1 2 0 3  i s  137 a t  

16OO0C, and 145 a t  1650OC. 

2.82 and 2.63, r e spec t ive ly ,  f o r  A1203. Equation (5) w a s  used t o  c a l c u l a t e  

t h e  po r t ion  of e l e c t r o n  conduct ivi ty  i n  A l 2 O 3 ,  assuming t h a t  I+ = 2, due t o  

t h e  f a c t  t h a t  A1203 = 2A13+ + 302'. 

A t  these  temperatures,themagnitude of na i s  

The e l e c t r o n  t r anspor t  number f o r  A1203  equal led:  n ,  = 0.29 at 1600°C 

and n, = 0.24 a t  1650OC. 

Consequently, t h e  po r t ion  of e l ec t ron  conduct ivi ty  i n  A1203 i s  s i g n i f i -  

can t ;  i t  decreases  wi th  an inc rease  i n  temperature,  which w a s  observed pre- 

v ious ly  (Ref. 8 ) .  

A recorder  t o  determine t h e  s t a t e  of ox ida t ion  of t h e  l i q u i d  m e t a l  based /44 

on t h e  smelting process ,  t h e  output ,  and t h e  cas t ing  w a s  produced, based on 

t h e  concent ra t ion  ga lvanic  c e l l  which had been developed and t e s t ed .  

A knowledge of t h e  oxygen a c t i v i t y  (content)  i n  t h e  s m e l t  opens up wide 

p o s s i b i l i t i e s  f o r  con t ro l l i ng  t h e  productive process ,  and makes i t  poss ib l e  

t o  s i g n i f i c a n t l y  inf luence  t h e  q u a l i t y  of t h e  m e t a l ,  which g r e a t l y  depends 

on t h e  oxygen content.  

Conclusions 

The conduct iv i ty  of Mgo and Al2O3,  employed as t h e  s o l i d  e l e c t r o l y t e  a t  

temperatures  which are c h a r a c t e r i s t i c  of steel product ion processes ,  w a s  de- 

termined by m e a n s  of a concentrat ion ga lvanic  ce l l .  

A t  t hese  temperatures,  MgO had almost e n t i r e l y  ion  conduct ivi ty .  
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A1203 is a combined conductor. The portion of electron conductivity 

in it is about 25%, and it decreases with a temperature increase. 
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